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(7) ABSTRACT

When an SOI substrate composed of a support wafer and an
element formation wafer that are bonded together with an
insulating film interposed therebetween is polished from a
surface of the element formation wafer, a thickness of the
element formation wafer is measured based on a relation
between an intensity and a wavelength of a light that is
irradiated to the SOI substrate from a side of the support
wafer and is reflected by the SOI substrate. Thus, the
measurement of the thickness of the element formation
wafer can be performed simultaneouly with the polishing of
the SOI substrate.

9 Claims, 1 Drawing Sheet
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METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE BY POLISHING

CROSS REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
Japanese Patent Application No. 11-326932 filed on Now.
17, 1999, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a method for manu-
facturing a semiconductor device, and particularly to a
method for manufacturing an SOI (Silicon On Insulator)
substrate.

2. Description of the Related Art

In an SOI substrate in which an element formation wafer
and a support wafer are bonded together, an SOI layer
having a required thickness is provided by polishing a
surface of the element formation wafer after bonding the two
wafers with an oxide film interposed therebetween. As a
conventional polishing method for the SOI substrate, a
thickness of the SOI layer is measured after polishing is
carried out for a predetermined time, and this polishing and
measurement are repeated until the SOI layer has a required
thickness. In this method, however, the polishing process
must be stopped and the SOI substrate must be detached
from a polishing apparatus every time the thickness is
measured. Thus, complicated work is required. Besides,
because the measurement is not performed continuously, a
failure occurrence rate is liable to be increased due to
excessive polishing.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problems. An object of the present invention is to provide a
method for measuring a thickness of an SOI layer when an
SOI substrate is polished.

According to the present invention, when a surface of a
semiconductor substrate, which is composed of a first layer
and a second layer having different refractive indexes from
each other, is polished at a side of the first layer, a thickness
of the first layer is measured based on a relation between an
intensity and a wavelength of a light that is irradiated to the
substrate and is reflected by the substrate at a side of the
second layer.

Thus, since the thickness of the first layer can be mea-
sured by light irradiated to and reflected from the substrate,
the thickness can be measured when the surface of the
substrate is polished. The substrate may be an SOI substrate
having a semiconductor layer as the first layer and an oxide
layer as the second layer.

The surface of the substrate can be polished by a polishing
machine that is composed of a wafer support head having an
attachment surface for holding the substrate, and a pad that
is disposed to face the attachment surface for polishing the
SOI substrate. The attachment surface may have a window
portion penetrating the wafer support head for allowing the
light to be irradiated to the substrate from the side of the
wafer support head when the substrate is attached to the
attachment surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and features of the present invention will
become more readily apparent from a better understanding
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of the preferred embodiment described below with reference
to the following drawings, in which;

FIG. 1 is a schematic view showing a CMP (Chemical
Mechanical Polishing) machine to which a preferred
embodiment of the present invention is applied; and

FIG. 2 is a schematic cross-sectional view for explaining
a state where infrared light is irradiated to an SOI substrate
shown in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As shown in FIG. 1, a CMP machine has a wafer support
head 2 for supporting several SOI substrates 1 thereon. The
wafer support head 2 has a disk shape, and the several SOI
substrates 1 are attached to an attachment surface 2a of the
disk-shaped wafer support head 2. For example, one of the
SOI substrates 1 is attached to the central position of the
wafer support head 2, and the other SOI substrates 1 are
attached to surround the SOI substrate 1 on the central
position.

The wafer support head 2 is connected to a drive shaft 3
at the center thercof, and is such constructed that it can be
rotated via the drive shaft 3. A torque of the drive shaft 3 is
monitored by a torque sensor 4 and can be controlled
appropriately. The wafer support head 2 is located on a base
6 having a pad 5 for wafer polishing so that the surfaces of
the SOI substrates 1, which are attached to the attachment
surface 2a, are brought in close contact with the pad 5. The
wafer support head 2 is so constructed that it can appropri-
ately move on the base 6 in any directions parallel to the pad
surface. Therefore, the wafer support head 2 can move above
the pad surface while being driven to rotate by the drive
shaft 3.

Further, a window portion 2b is formed to pass through
the wafer support head 2 at a location where one of the SOI
substrate 1 is disposed, and the surface of the wafer can be
measured through the window portion 2b. The wafer support
head 2 has only to have one window portion 2b; however,
the wafer support head 2 may have plural window portions
2b at all of the locations where the SOI substrates 1 are
respectively attached to surround the central position of the
attachment surface 2a.

Above the base 6, a slurry supply source 8 is provided and
supplies slurry as an abrasive solution onto the surface of the
pad 5. Besides, the CMP machine has a thickness measure-
ment unit 7 for measuring a thickness of an SOI layer. The
thickness measurement unit 7 is composed of a light source
7 a for irradiating infrared light to the surface of the SOI
substrate 1 through the window portion 2b, a thickness
measurement portion 7b for measuring the thickness of the
SOI layer by receiving light reflected by the SOI substrate 1,
and a mirror 7c¢ for conducting the light reflected by the SOI
substrate 1 to the thickness measurement portion 7b.

FIG. 2 shows an enlarged view showing a vicinity of the
SOI substrate 1 when the surface of the SOI substrate 1 is
irradiated with infrared light entering through the window
portion 2b. As shown in FIG. 2, the SOI substrate 1 is
composed of a support wafer 11 and an element formation
wafer 12 that are bonded together with an oxide film 13
interposed therebetween. In this SOI substrate 1, the surface
at the side of the support wafer 11 is attached to the
attachment surface 2a of the wafer support head 2. Then,
infrared light incident on the SOI substrate 1 through the
window portion 2b is reflected successively by the surface of
the support wafer 11, the interface between the support
wafer 11 and the oxide film 13, the interface between the



US 6,656,755 B1

3

oxide film 13 and the element formation wafer 12, and the
surface of the element formation wafer 12 where two parts
having different refractive indexes contact each other. The
reflected lights are conducted to the thickness measurement
portion 7b by the mirror 7c.

Incidentally, light that is to be incident on the SOI
substrate 1 is required to have a wavelength with which the
light can penetrate silicon, and is less liable to be absorbed
by silicon and the oxide film. Therefore, although it is not
shown, light having the wavelength fulfilling the above
conditions is generated by providing a reflection preventive
film on an edge face of a semiconductor laser, taking light
out to an external resonator, and changing an angle of light
by an interference filter disposed on the way of the external
resonator. For example, when a wafer having an impurity
concentration of 1x10'® cm™ or more is used as the support
wafer 11, in consideration of an effect by absorption of free
carriers indicated by formula (1), infrared light having a
wavelength of about 1 to 3 um (more preferably, about 1.1
to 1.6 um) is used, and the wavelength is varied.

%48 N (L
e = [47r203n*50].(m_2#)

where a, is absorption coefficient, ) is wavelength of
light, N is impurity concentration, m is effective mass
of a free carrier, u is mobility of the free carrier, q is
charge of an electron, ¢ is luminous flux, n* is a real
number of refractive index of Si, and &, is vacuum
dielectric constant.

In the thickness measurement portion 7b, Fourier analysis
is performed to the intensity-wavelength characteristics of
reflected light, and the thickness of the SOI layer that is
formed by thinning the element formation wafer 12 is
measured. According to the construction described above,
the polishing state of the SOI substrate 1 can be measured
successively, and the SOI substrate 1 needs not be detached
from the polishing machine every time the thickness of the
SOI layer is measured. Thus, the thickness of the SOI layer
can be measured easily.

By using the SOI substrate manufactured as described
above, a semiconductor device including semiconductor
elements integrated together and being made dielectric-
isolation mutually can be manufactured by performing
trench formation and element formation to the side of the
element formation wafer 12 of the SOI substrate by well-
known methods.

The window portion may be opened at the base side for
measurement, and infrared light may be irradiated through
the window portion. In this case, however, the window
portion should penetrate the pad. When the pad has such
hole, the polished surface of the SOI substrate, i.c., the
surface of the element formation wafer might be damaged to
affect element characteristics. Therefore, providing the win-
dow portion in the support head 2 as in the aforementioned
embodiment is preferable. Besides, when the thickness is
measured by irradiating infrared light to the surface opposite
to the surface of the SOI substrate 1 that is polished, the
infrared light incident thereon is not affected by slurry, the
polished surface, and the like. As a result, the measurement
accuracy becomes high.

While the present invention has been shown and
described with reference to the foregoing preferred
embodiments, it will be apparent to those skilled in the art
that changes in form and detail may be made therein without
departing from the scope of the invention as defined in the
appended claims.
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What is claimed is:
1. A method for manufacturing a semiconductor device,
comprising:
preparing a semiconductor substrate having a first layer
and a second layer each having a different refractive
index; and
polishing a surface of the semiconductor substrate at a
side of the first layer while measuring a thickness of the
first layer based on a relation between an intensity and
a wavelength of light that is irradiated onto the second
layer of the semiconductor substrate and is reflected by
the semiconductor substrate at respective first and
second sides of the first and second layers,
wherein the light is irradiated while varying the wave-
length of the light.
2. A method for manufacturing a semiconductor device,
comprising:
preparing an SOI substrate composed of a support wafer
and an element formation wafer that are bonded
together with an insulating film interposed therebe-
tween;
polishing a surface of the SOI substrate at a side of the
element formation wafer; and
measuring a thickness of the element formation wafer that
is polished from the surface as an SOI layer, based on
a relation between an intensity and a wavelength of
light that is irradiated onto the SOI substrate from a side
of the support wafer and that is reflected by respective
surfaces of the support and element formation wafers,
wherein the light is irradiated while varying the wave-
length of the light.
3. The method according to claim 2, wherein the surface
of the SOI substrate is polished by:
preparing a polishing machine composed of a wafer
support head having an attachment surface for holding
the SOI substrate, and a pad that is disposed to face the
attachment surface for polishing the SOI substrate, the
attachment surface having a window portion penetrat-
ing the wafer support head;
attaching the SOI substrate to the attachment surface at
the side of the support wafer so that the SOI substrate
covers the window portion;
bringing the surface of the SOI substrate at the side of the
element formation wafer in contact with the pad; and
polishing the surface of the element formation wafer; and
wherein the thickness of the element formation wafer is
measured by irradiating the light to the SOI substrate
through the window portion of the wafer support head.
4. The method according to claim 1, wherein the polishing
of a surface of the semiconductor substrate at a side of the
first layer while measuring a thickness of the first layer based
on a relation between an intensity and a wavelength of light
that is irradiated onto the second layer of the semiconductor
substrate and is reflected by the semiconductor substrate at
respective first and second sides of the first and second
layers comprises:
polishing a surface of the semiconductor substrate at a
side of the first layer while measuring a thickness of the
first layer based on a relation between an intensity and
a wavelength of infrared light that is irradiated onto the
second layer of the semiconductor substrate and is
reflected by the semiconductor substrate at respective
first and second sides of the first and second layers.
5. The method according to claim 2, wherein the mea-
suring of a thickness of the element formation wafer that is
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polished from the surface as an SOI layer, based on a
relation between an intensity and a wavelength of light that
is irradiated onto the SOI substrate from a side of the support
wafer and that is reflected by respective surfaces of the
support and element formation wafers comprises measuring
a thickness of the element formation wafer that is polished
from the surface as an SOI layer, based on a relation between
an intensity and a wavelength of infrared light that is
irradiated onto the SOI substrate from a side of the support
wafer and that is reflected by respective surfaces of the
support and element formation wafers.

6. The method according to claim 3, wherein the irradi-
ating of the light to the SOI substrate through the window
portion of the wafer support head comprises irradiating
infrared light to the SOI substrate through the window
portion of the wafer support head.

7. The method according to claim 2, wherein the mea-
suring of a thickness of the element formation wafer that is
polished from the surface as an SOI layer, based on a
relation between an intensity and a wavelength of light that
is irradiated onto the SOI substrate from a side of the support
wafer and that is reflected by respective surfaces of the
support and element formation wafers comprises measuring
a thickness of the element formation wafer that is polished
from the surface as an SOI layer based on a relation between
an intensity and a wavelength of light that is irradiated onto
the SOI substrate from a side of the support wafer and that
is reflected at respective first and second surfaces of the
support and element formation wafers.
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8. A method for manufacturing a semiconductor device,
comprising:

preparing a semiconductor substrate having a first side
and a second side; and

polishing a surface of the semiconductor substrate at the
first side while measuring a thickness of the substrate
based on a light that is irradiated to the first side
through the second side and is reflected from the
second side; and

varying a wavelength of the light while the light is
irradiated.

9. The method of claim 8, wherein the polishing of a

surface of the semiconductor substrate includes:

preparing a polishing machine composed of a wafer
support head having an attachment surface for fixedly
holding the semiconductor substrate thereto, a pad that
is disposed opposite the attachment surface through the
semiconductor substrate for polishing the semiconduc-
tor substrate, the attachment surface having a window
portion extending through the wafer support head,;

attaching the semiconductor substrate to the attachment
surface at the second side so that the semiconductor
substrate covers the window portion;

polishing a surface of the semiconductor substrate at the
first side,

wherein the thickness of the semiconductor substrate is
measured by irradiating the light to the semiconductor
substrate through the window portion of the wafer
support head.



